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Abstract:
We have used a coincidence technique to measure the inelastic x ray scattering spectrum from copper K-shell electrons at an incident energy of 70 keV. We cover a range of momentum transfers tLq over which 0.5 5 qa 5 1.1, where a is the Bohr radius of the copper K-shell. This is a momentum transfer regime in which the impulse approximation is no longer valid. The data presented are compared to the results of a one-electron calculation and agree well in both spectral shape and absolute cross section. In contrast with previous work of this type we do not see separate spectral features attributable to Raman and Compton scattering.
The scattering of x rays by bound electrons is, in the case where the binding energy is small compared to the free electron Compton shift, described-well by the impulse approximation, in which the spectrum of scattered x rays yields the Compton profile, which is directly related to the momentum distribution of the electron initial state.
The above condition is , for electrons in hydrogenic orbitals, equivalent to the condition where Aq is the momentum change of the x ray upon scattering, and a is the radius of the electron orbital. Here we present data for a case in which q a w 1 and the impulse approximation is no longer valid. The spectrum of scattered x rays agree well, in both shape and absolute magnitude, with a simple one electron model. A more complete description of this work is published elsewhere.
[l] The scattering is of 70 keV x rays from the K shell electrons of copper. The scattering from the K shell is isolated by detecting scattered x rays in coincidence with the characteristic K fluorescence x ray emitted in the decay of the K shell hole. A similar experiment has been performed for 59.6 keV x rays scattered from the K shell electrons of Fe and Cu. [2] However, the spectra in that work were distorted by false coincidences possibly caused by detector to detector scattering.
[3] That work claimed to show two distinct features in the scattered x ray spectrum: A peak near the threshold energy (i.e. the incident x ray energy Eo minus the K shell binding energy EB), termed the Raman peak; and a separate broader feature at lower energies termed the Compton peak. The position of this Compton peak was roughly what would be predicted from an energy and momentum conservation argument similar to that which yields the free electron Compton shift, but including the binding energy term. This double structure has been supported by an OPW calculation. [4] The results of our work are in direct contradiction with these earlier results. A fast-slow coincidence system enabled the recording of events in which a scattered x ray was emitted in coincidence with a fluorescence x ray. Accidental events were measured by taking equivalent spectra with the scattered x ray detector output delayed with respect to the output of the fluorescence detector.
The spectra of inelastically scattered x rays were measured at incident energy Eo = 70 keV at four scattering angles 6' = 49", 70°, 89", and 118", and at Eo = 62 keV for 8 = 89'.
These spectrn are shown in Figs. la-le. The solid curves in each case are the result of a one electron model calculation of the inelastic scattering cross section [5] in the Hartree-Fock-Slater approximation using Herman-Skilman atomic potentials. The triple differental cross section which is the ordinal unit in Figs la-e results from considering the process as differential in the solid angles of the emitted fluorescence x ray. The theoretical cross sections were converted to this scale using:
where U K is the K shell radiative decay efficiency.
[b] The implicit assumption here is that the fluorescent decay following photoabsorption is isotropic and occurs with the same efficiency as in decay following other excitation processes. The experimental data were normalized independently of the theory by measuring total fluorescent rates; the normalization scales have an estimated uncertainty of f 40%.
This error in normalization is the same for This was avoided by placing 3.2 mm. lead shielding between the detectors. A test of this shielding was made by blocking the direct path from sample to scattered x ray detector so that a signal observed could only come from directions other than the sample. The signal observed with the sample blocked was statistically consistent with there being no such signal from directions other than the sample direction. Another source of false coincidences is a scattering event into the scattered x ray detector followed by a fluorescence emission when the Compton recoil electron ionizes another copper atom. Our estimate [I] of this process showed that it contributes a negligible signal in this system. A third source of false coincidences is photoabsorption (followed by fluorescent decay), and a bremsstrahlung photon emitted by the photoelectron into the scattered photon detector. Our estimate of this process [I] yielded the result that it is negligible in the region near threshold, but could be responsible for some of the scattering signal seen below 35 keV .
These spectra, which cover a range of momentum transfers 0.53 2 qoa 5 1.11, a range in which the impulse approximation is no longer valid in describing the ihelastic scattering process, show only a single feature; a broad peak which is cut off by the threshold edge required by energy conservation. We do not see a second peak at lower scattered x ray energy (higher energy transfer) corresponding to a 'Compton' peak. This form of the spectrum is supported by a simple oneelectron model calculation of the inelastic scattering from the copper atom K shell. This work was supported by the U.S. National Science Foundation through the Materials Science Center at Cornell and through additional N.S.F. support for V.M.
